HIGH-SPEED CHEMICAL DRILL 



Statement of Government Interest 
This invention was developed under Contract No. N00 1 74-00-C-002 1 issued by 
the Defense Logistics Agency, SBIR Topic N99-1 14. The United States Government 
may have rights in this invention. 

Technical Field 

This invention relates generally to the field of chemical drills, and, more particu- 
larly, to an improved chemical drill that is capable of drilling holes in, or otherwise 
removing material from, a wide variety of target materials, such as ferrous and non- 
ferrous alloys, concrete, various ceramic materials, and the like. 

Background of Invention 
In civilian applications, high-speed chemical cutting is used in cutting, scarfing 
and lancing of oxidation-resistant materials. In steel mills, cutting is used to scarf large 
ingots, slabs and billets. Chemical lancing permits rapid and effective piercing of many 
materials that are difficult to pierce with standard hydrocarbon/oxygen flame technol- 
ogy. These materials include, for example, various irons and steels, firebrick, cinder 
block, aluminum billets, sand and metal incrustations in castings, and the like. Typical 
lancing applications include: (a) removal of blast furnace bosh plates, (b) removal of 
large iron masses {i.e. , "salamanders") that are deposited at the base of blast furnace, (c) 
cleaning of furnace linings, (d) furnace tapping to remove slag, (e) cleaning of soaking 
pits, (f) removal of ladle skulls, and (g) piercing holes in reinforced concrete walls and 
floors. 

Underwater cutting and/or welding techniques are used in the repair of offshore 
platforms. These techniques have also been useful during the installation of new off- 
shore structures and undersea pipelines, the installation of hot taps, the repair of dock 
and harbor facilities, the modification of and addition to underwater structures, the repair 
of nuclear facilities, and still other applications. Permanent and temporary repairs to 
holes in ship- and barge-hulls have been performed. Hulls and pontoons of semi-sub- 
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mersible drill ships have also been repaired. Still other applications have included 
cutting of ship sterns from castings, cutting reinforced concrete under water, underwater 
ship husbandry operations, salvage and rescue missions, and the like. 

The common process used in industry for such cutting is the so-called "lance 
5 technology". This process represents one of the oldest commercial uses of oxygen for 
piercing and cutting holes in hard materials. These materials include practically all 
ferrous metals and many other materials, such as concrete, slag, rock, and the like. 
Initially, such lances were simply an elongated length of hollow iron pipe connected at 
one end to a source of oxygen through an intermediate flow regulator. 

1 0 Conventional lance technology employs the use of a steel pipe containing steel 

wires or rods. Oxygen is blown through the pipe at high pressure. The pipe, and the 
rods therewithin, are ignited at one end, and oxygen-rich gas is blown through the pipe. 
This oxidizes the pipe and the rods, and produces a hot flame. The discharge end of the 
lance is held in the cut or hole so that the cutting flame is presented at the distal end of 

15 the lance. The flame heats and burns the end of the pipe so that, as the operation pro- 
ceeds, the pipe is consumed and must be periodically replaced with a new length of 
pipe. Only a small portion of the oxygen consumed is required by oxidation of the lance 
itself, but the heat of the burning lance assists the cutting. Once started, the reaction is 
very vigorous, and usually produces a lot of "splatter" of semi-solid highly-viscous lava- 

20 like material outwardly from the discharge end of the lance. If this material accumulates 
at the bottom of the hole or cut, it creates an obstacle to continued drilling or cutting. 

Over the last ten years, there has been renewed interest in oxygen lance tech- 
niques, resulting in many improvements in the basic oxygen lance structure. Some of 
these improvements include the provision of one or more elongated rods within the 

25 lance, the mounting of the various component parts relative to each other, specialized 
configurations for the outer casting and inner rods, and cooperation between the inner 
rods when received within the outer casing. However, there are not believed to have 
been any changes in the basic chemistry of the lance process and technology. Iron- 
containing wires and tubes, and oxygen, remain the basic building blocks of known 

30 applications. 

Other details of prior art lances, devices and methods are shown and described 
in U.S. Pats. No. 4,928,757, 4,889,187, 3,570,419, 5,320,174, 3,602,620, 5,575,331, 



5,580,515, 3,725,156, 3,751,625, 4,477,060, 4,182,947 and 4,050,680, the aggregate 
disclosures of which are hereby incorporated by reference. 

Disclosure of the Invention 

The invention relates to an improved chemical drill for converting the reaction 
products resulting from the cutting, drilling or piercing operation, to gaseous or very 
volatile products that can be easily directed away from the bottom of the hole or cut so 
as to not interfere with ongoing and continuous drilling or cutting operations. In effect, 
the hole or cut is self-cleaning. This results in the reduction or elimination of heat and 
mass transfer cutting resistances that were commonly present in the prior art, and, conse- 
quently, increases the possible cutting rate by a factor to about two to a factor of about 
four. The proposed drill particularly effective where deep holes or plunging cuts are 
necessary. The improved drill makes it possible to cut targets, such as concrete, rein- 
forced concrete, ceramic plates, highly alloyed steel, aluminum blocks, laminated struc- 
ture, granite and the like, that in the past presented major problems. 

With parenthetical reference to the preferred embodiments disclosed herein, 
merely for purposes of illustration and not by way of limitation, the present invention 
provides an improved chemical drill (20) for removing portions (e.g., by drilling) of a 
target material (30). Examples of such target materials include, but are not limited to: 
ferrous alloys, alloys having an element selected from the group consisting of aluminum, 
copper, magnesium, titanium, a transition metal (i.e., titanium, niobium, zirconium, 
hafnium, vanadium and tantalum), tungsten, nickel, cobalt and chromium, concrete, 
reinforced concrete, aluminum oxide, silicon oxide, calcium oxide, brick, and ceramic 
materials selected from the group consisting of alumina, silica, zirconia, magnesia, 
silicon carbide and silicon nitride. 

The improved drill broadly includes: an elongated tube (21) formed of a fuel- 
supplying material; a source (24) of oxidizer; a conduit (26) for establishing a controlla- 
ble flow of oxidizer from said source through said tube; and a sleeve (28) formed of a 
material containing chlorine and/or fluorine mounted on said tube, such that, when said 
drill is ignited and used to remove portions of a target material, the chlorine and/or 
fluorine in said sleeve material will react chemically with the target material to produce 
volatile gaseous reaction products, which may be readily directed out of the hole or cut 
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and thereby removing substantial resistance to heat and mass transfer within the hole or 
cut. 

In the preferred embodiment, the sleeve is mounted on the outer surface of said 
tube. A plurality of wires or rods may be arranged in the tube. The sleeve material may 
5 contain polyvinyl chlorine, polytetrafluoroethylene, chlorinated polyvinyl chlorine 
and/or some other material(s) that will contribute chlorine and/or fluorine to the ongoing 
reaction. The tube may contain iron. 

Accordingly, the general object of the invention is to provide an improved chem- 
ical drill or cutter. 

1 0 Another obj ect is to provide a chemical drill or cutter which increases the rate-of- 

removal of the target material by a factor of from about two to about four times that of 
known chemical drills. 

Another object is to provide an improved high-speed chemical drill that is capa- 
ble of use with a variety of target materials. 

1 5 These and other objects and advantages will become apparent from the foregoing 

and ongoing written specification, the drawings, and the appended claims. 

Brief Description of the Drawings 
Fig. 1 is a sketch, partly in section and partly in elevation, of the improved 
chemical drill, this view showing the plastic sleeve as surrounding the steel pipe lance. 
20 Fig- 2 is a plot of equilibrium concentration (left ordinate) and adiabatic tempera- 

ture (right ordinate) vs. concentrations (n) (abscissa) of lance-and-sleeve combinations 
of [nFe + (10-n)C 2 Cl 4 +20O 2 ], for the reactions of Example 1. 

Fig. 3 is a plot of equilibrium concentrations (left ordinate) and adiabatic temper- 
ature (right ordinate) vs. concentrations (n) (abscissa) of lance-and-sleeve combinations 
25 of [nFe + ( 1 0-n)C 2 F 4 + 20O 2 ] , for the reactions of Example 1 . 

Fig. 4 is a plot of equilibrium concentration (left ordinate) and adiabatic tempera- 
ture (right ordinate) vs. concentrations (n) (abscissa) of lance-and-sleeve combinations 
of [nTi + (10-n)C 2 Cl 14 + 20O 2 ] for the reactions of Example 2. 

Fig. 5 is a plot of equilibrium concentration (left ordinate) and adiabatic tempera- 
30 ture (right ordinate) vs. concentrations (n) (abscissa) of lance-and-sleeve combinations 
of [nTi + (10-n)C2F4 + 20O2], for the reactions of Example 2. 



Fig. 6 is a plot of equilibrium concentration (left ordinate) and adiabatic tempera- 
ture (right ordinate) vs. concentrations (n) (abscissa) of lance-and sleeve combinations 
of [nAl + (10-n)C 2 Cl 4 + 20O 2 ], for the reactions of Example 3. 

Fig. 7 is aplot of equilibrium concentration (left ordinate) and adiabatic tempera- 
ture (right ordinate) vs. concentrations (n) (abscissa) of lance-and-sleeve combinations 
of [nAl + (10-n)C 2 F 4 + 20O 2 ], for the reactions of Example 3. 

Fig. 8 is aplot of equilibrium concentration (ordinate) vs. temperature (abscissa) 
for [concrete(3.46CaO +11.1 Si0 2 ) + 50O 2 + 14.56Fe], for the reactions of Example 5. 

Fig. 9 is aplot of equilibrium concentration (ordinate) vs. temperature (abscissa) 
for [concrete(3.46CaO + 1 1 .lSi0 2 ) + 20.01C 2 F 4 + 46.30 2 + 14.56Fe], for the reactions 
shown in Example 5. 

Fig. 10 is a plot of equilibrium concentration (ordinate) vs. temperature (ab- 
scissa) for [concrete(3.46CaO + H.lSi0 2 ) + 20.01C 2 C1 4 + 47.30 2 + 14.56Fe], for the 
reactions of Example 5. 

Description of the Preferred Embodiments 
At the outset, it should be clearly understood that like reference numerals are 
intended to identify the same structural elements, portions or surfaces consistently 
throughout the several drawing figures, as such elements, portions or surfaces may be 
further described or explained by the entire written specification, of which this detailed 
description is an integral part. Unless otherwise indicated, the drawings are intended to 
be read (e.g., cross-hatching, arrangement of parts, proportion, degree, etc.) together 
with the specification, and are to be considered a portion of the entire written description 
of this invention. As used in the following description, the terms "horizontal", "verti- 
cal", "left", "right", "up" and "down", as well as adjectival and adverbial derivatives 
thereof (e.g. , "horizontally", "rightwardly", "upwardly", etc.), simply refer to the orienta- 
tion of the illustrated structure as the particular drawing figure faces the reader. Simi- 
larly, the terms "inwardly" and "outwardly" generally refer to the orientation of a surface 
relative to its axis of elongation, or axis of rotation, as appropriate. 

Thermal piercing of concrete or reinforced concrete or highly alloyed steel plates 
is normally a difficult task. The molten lava of the target material at the tip of the lance 
provides substantial heat and mass transfer resistance to ongoing drilling or cutting 



operations. A typical product of thermal penetration of a concrete block by a thermal 
lance is lava composed of oxides of silicon, calcium, aluminum and iron. The melting 
point of this mixture, depending on the composition, is between about 1600-1800 °C. 
The present invention is based on the principle of producing gaseous chemical reaction 
products, products or components that readily sublimate at low temperatures, or products 
or components with low boiling points, rather than highly-viscous lava, and directing 
these gaseous materials out of the hole or cut so as to remove their mass therefrom and 
to allow continuous cutting or drilling without diminution of penetration efficiency due 
to accumulations of lava- like materials in the hole or cut. 

Several inorganic oxides react with chlorine or fluorine in the presence of carbon 
to form volatile chlorides or fluorides. These reactions, sometimes also called 
"carbochlorination" or "carbofluorination" reactions, occur with reasonable reaction 
rates at 800-1000 °C. At temperatures above 1600 °C, which are typical for a cutting 
torch, these reactions are very fast. 

There are different sources of carbon, chlorine or fluorine that can be utilized to 
carry out the reaction. A source of carbon could be a carbon jacket surrounding the 
metallic jacket of the regular lance, a fine powder of carbon that is blown in the cutting 
spot, or a certain group of organic compounds that decompose at cutting-torch tempera- 
tures to elemental carbon. Lower hydrocarbons can be easily pyrolyzed at high tempera- 
tures. Lower chlorinated hydrocarbons, such as ethylene trichloride, elemental chlorine, 
PVC, perchlorinated PVC, or the like, can be used as a source of chlorine. Lower fluori- 
nated hydrocarbons, such as polytetrafluoroethylene (i.e., Teflon®) or other polymers 
rich on fluorine, can be used as a source of fluorine. It is possible to inject these lower 
chlorinated or fluorinated hydrocarbons into the torch flame in a gaseous form. Poly- 
mers containing chlorine and/or fluorine can be part of the cutting lance body. For 
example, the body of the cutting lance can be inserted in a Teflon® tube. 

After thermal ignition of the modified lance halogenated products are transported 
to the reaction spot and one or more of the following reactions may take place: 
For concrete: 

Si0 2 + 2C + 2C1 2 - SiCl 4 t +2COt (1 ) 
Si0 2 + 2C + 4HC1 - SiCl 4 T + 2CO T + 2H 2 T (2) 
Si0 2 + 2C + 4HF - SiF 4 T +2COT + 2H 2 t (3) 
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nSi0 2 + [-CF 2 -CF 2 -] n - nSiF 4 1 + 2nCO I (4) 

CaO + C + Cl 2 -CaCl 2 ! + CO t (5) 

CaO + C + 2HC1 - CaCl 2 T + COT + H 2 t (6) 

2CaO + [-CF 2 -CF 2 -] n - 2CaF 2 T + 2CO T (7) 
5 For granite: 



Any of chemical reactions (l)-(7) and one or more of the following additional 



reactions: 

A1 2 0 3 + 3C + 3C1 2 - 2A1C1 3 T + 3CO T (8) 

A1 2 0 3 + 3C + 6HC1 - 2A1C1 3 T + 3CO I + 3H 2 T (9) 

1 0 3 [-CF 2 -CF 2 -] n + 2nAl 2 0 3 - 4nAlF 3 i + 6nCO I (10) 
For iron: 

2FeO + 2C + 3C1 2 - FeCl 3 f +2COT (11) 

Fe 2 0 3 + 3C + 3C1 2 - 2FeCl 3 t + 3COt (12) 

4nFeO + [-CF 2 -CF 2 -] n - 4nFeF 3 T + 4nCO 1 + 2nC T (13) 

1 5 2nFe 2 0 3 + [-CF 2 -CF 2 -] n - 4nFeF 3 T + 6nCO T (14) 
For Ni- and Cr- Alloyed steel: 

NiO + C + Cl 2 - NiCl 2 T +COT (15) 

2Cr0 3 + 6C + 3C1 2 - 2CrCl 3 1 + COT (16) 

2NiO + [-CF 2 -CF 2 -] n - 2NiF 2 T + 2CO T (17) 

20 4nCr0 3 + 3[-CF 2 -CF 2 -] n - 4nCrF 6 T + 12COT (18) 



In the foregoing reactions, the symbol " t " indicates that the indicated element or com- 
pound is substantially gaseous at the reaction temperature. Persons skilled in this art 
will appreciate that CaCl 2 , CaF 2 , FeCl 3 , NiCl 2 , CrCl 3 , NiF 2 and CrF 6 may only be par- 
tially gaseous at the normal reaction temperatures. 

25 Improving of cutting properties of a regular iron-oxvgen lance 

Referring now to the drawings, and, more particularly, to Fig. 1 thereof, an 
improved lance, generally indicated at 20, is shown as broadly including a horizontally- 
elongated iron or steel tube 2 1 having inner and outer cylindrical surfaces 22, 23, respec- 
tively. This tube may be about 3 feet long, have an inside diameter of about 3/8", and 

30 a radial wall thickness of about 1/16". The rightward or proximal end of the tube is 
connected to a source 24 of oxygen or oxygen-rich gas through an intermediate flow 



regulator 25. Thus, oxidizer may flow form source 24 to the tube via the flow regulator 
and a conduit, portions of which are indicated at 26. The tube is formed of a fuel mate- 
rial, such as iron or a ferrous alloy. A sleeve, generally indicated at 28, surrounds the 
tube. This sleeve is formed of a material that contains chlorine {e.g. , polyvinyl chloride, 
chlorinated polyvinyl chloride, etc.) and/or fluorine {e.g., polytetrafluoroethylene). A 
plurality of rods or wires, severally indicated at 29, are disposed within the tube to 
contribute additional reactant(s). 

There are different sources of carbon for carbochlorination and carbofluorination 
reactions. One source of carbon could be a carbon jacket surrounding a regular commer- 
cial lance. The invention utilized a carbon tube with very thin walls, as well as layer 
of a graphoil surrounding the lance. The carbon serves as a focusing element. With a 
regular lance, the flame dissipates a lot of energy. With the carbon external shield the 
energy dissipation is lower. The explanation of this fact is straightforward. In a regular 
operation, the surrounding iron tube melts or is burned in synchronization with the flame 
propagation. However, with the carbon jacket, no melting occurs since the melt- 
ing/sublimation point of carbon is around 4,000 °C. The carbon jacket can burn in 
oxygen. The burning process is apparently a little bit slower than the burning of iron 
material. Consequently, the unreacted carbon tube serves as an opening to the hot flame. 
Details of the experiment can be found in Examples 4-6. 

The performance of the invention was tested on steel plates of thicknesses of 
0.26" and 1 .3", respectively, and on a concrete plate 4.2" thick. For the thin steel plate, 
there is no appreciable difference. This was not surprising since the heat-affected zone 
does not play an important role. However, with the thick plate, the difference is almost 
100%. 

25 The experiment with concrete slab revealed that there is no difference in rate of 

penetration of regular or focused lance. In a focused lance, the heat flux is much higher 
than in the regular lance. Nevertheless, the rate of penetration is almost the same. This 
is an experimental proof that the rate of cutting or drilling in concrete blocks is inversely 
related to the amount of lave-like material accumulating in the hole or cut. In other 

3 0 words, in a conventional lance, the rate of cutting slows as lava-like material accumu- 
lates in the hole or cut, and interferes with the continued cutting or drilling. Faster 
removal of such lava-like material will result in the improved performance of the torch. 



20 



There appear to be several possibilities of increasing the rate of concrete blow-off: (a) 
higher linear velocity of the gas at the mouth of the torch, (b) lowering viscosity of the 
concrete melt by appropriate additions to the gas (e.g. , fluorides, as the resulting eutectic 
mixture has a lower melting point and a lower viscosity at the cutting temperature can 
5 be expected), and (c) converting the liquid concrete to gaseous components 
(carbochlorination) . 

Supplying gaseous chlorine along with gaseous oxygen to the hot combustion 
zone will guarantee the presence of chlorine at the reaction site. The resulting volatile 
chlorides of iron, silicon, aluminum and calcium will evaporate from the hot spot, and 
1 0 therefore the heat and mass transfer will be much higher. In addition, rebar (e. g. , ferrous 
reinforcing rod) in the concrete structure will not represent an obstacle, but rather in- 
crease the rate of penetration. 

Example 1 : Combustion in an "Iron-chlorinated/fluorinated Polymer-oxygen" System 
The combustion system consists of a steel tube, a chlorinated/fluorinated poly- 

1 5 mer sleeve, and an excess of oxygen. The adiabatic temperature, evaluated from thermo- 
dynamic calculations, indicates that the combustion temperature in systems with chlo- 
rine or fluorine is always higher than in systems with oxygen alone. A typical difference 
amounts to 250-500 °C. 

The dependence of adiabatic temperature on the composition of the mixture is 

20 given in Fig .2. Fig . 2 is a plot of equilibrium concentration (left ordinate) and adiabatic 
temperature (right ordinate) vs. concentrations (n) (abscissa) of lance-and-sleeve combi- 
nations of [nFe + (1 0-n)C 2 Cl 4 +20O 2 ], for the reactions of Example 1 . This figure shows 
that for concentrations of less than about 6 moles, the reaction products Fe + FeCl + 
FeCl 2 + FeCl 3 + FeO + Fe 2 Cl 14 are substantially gaseous, and that the reaction tempera- 

25 tures are between about 2250 - 2650 °K. 

The composition of the combustion products is reported in Fig.3 . Fig. 3 is a plot 
of equilibrium concentration (left ordinate) and adiabatic temperature (right ordinate) 
vs. concentrations (n) (abscissa) of lance-and-sleeve combinations of [nFe + (10-n)C 2 F 4 
+ 20O 2 ], for the reactions of Example 1. This plot shows that reaction products Fe + 

30 FEO are gaseous at concentrations in excess of n = 4 moles. 

Example 2: Combustion in an "Titanium-Chlorinated/Fluorinated 
Polymer-Oxygen" system 
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The combustion system consists of a titanium tube, a chlorinated/fluorinated 
polymer sleeve, and an excess of oxygen. The adiabatic temperature, evaluated from 
thermodynamic calculations, indicates that the combustion temperature in systems with 
chlorine or fluorine is usually lower than in systems with oxygen alone. For example, 
for a system consisting of 5 moles of titanium and 25 moles of oxygen the combustion 
temperature is 3, 1 00 °K; for a system with 5 moles of titanium, 20 moles of oxygen and 
5 moles of -C 2 F 2 - the temperature is 2,500 °K and for system of 5 moles of titanium, 20 
moles of oxygen and 5 moles of -C 2 C1 2 - the temperature is 2,900 °K. 

More details are presented in Figs. 4 and 5. Fig. 4 is a plot of equilibrium con- 
centration (left ordinate) and adiabatic temperature (right ordinate) vs. concentrations 
(n) (abscissa) of lance-and-sleeve combinations of [nTi + (10-n)C 2 Cl 14 + 20O 2 ] for the 
reactions of Example 2. Fig. 4 shows that reaction products Ti + TiCl + TiCl 2 + TiCl 3 
+ TiCl 4 + TiO + TiOCl + TiOCl 2 + Ti0 2 are gaseous. Fig. 5 is a plot of equilibrium 
concentration (left ordinate) and adiabatic temperature (right ordinate) vs. concentrations 
(n) (abscissa) of lance-and-sleeve combinations of [nTi + (10-n)C2F4 + 20O2], for the 
reactions of Example 2. Fig. 5 shows that reaction products Ti + TiO + TiOF + Ti0 2 are 
gaseous. 

Example 3: Combustion in an " Aluminum-ChlorinatedVFluorinated 
Polymer-Oxygen" System 

The combustion system consists of an aluminum tube, a chlorinated/fluorinated 
polymer sleeve, and excess of oxygen. The adiabatic temperature, evaluated from 
thermodynamic calculations, indicates that the combustion temperature in systems with 
chlorine or fluorine is close to that in systems with oxygen alone. The combustion 
temperature in these systems can be well above 3,000 °K. 

Additional details are shown in Figs. 6 and 7. Fig. 6 is a plot of equilibrium 
concentration (left ordinate) and adiabatic temperature (right ordinate) vs. concentrations 
(n) (abscissa) of lance-and sleeve combinations of [nAl + (10-n)C 2 Cl 4 + 20O 2 ], for the 
reactions of Example 3 . This plot shows that Al + A1C1 + A1C1 2 + A1C1 3 + AlO + AlOCl 
+ A10C1 2 + A10 2 + A1 2 0 + A1 2 0 2 + A1 2 0 3 are gaseous. Fig. 7 is a plot of equilibrium 
concentration (left ordinate) and adiabatic temperature (right ordinate) vs. concentrations 
(n) (abscissa) of lance-and-sleeve combinations of [nAl + (10-n)C 2 F 4 + 20O 2 ], for the 
reactions of Example 3. This plot shows that Al + A1F + A1F 2 + A1F 3 + AlO + AlOF + 
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A10F 2 + A10 2 + A1 2 0 + A1 2 0 2 + A1 2 0 3 are gaseous. 
Example 4: External Carbon Tube as a Focusing Element 

A standard lance " iron-oxygen " is represented by an iron pipe with an array of 
iron wires inside. Oxygen gas is blown through this arrangement. This assembly has 
5 been inserted in a carbon tube. Carbon reacts with oxygen and liberates large amount 
of heat. Adiabatic temperature of carbon combustion in pure oxygen is above 4000 °C. 
Carbon is also focusing the flame and less heat is dissipated to the environment. 

An iron plate (thickness =1.3", length = 6.0 " ) was cut by a regular commercial 
lance in 76 seconds; the cutting rate was 0.20 cm/sec. The same plate was cut by a 
1 0 modified lance with external carbon shield in 43 seconds. The cutting rate increased to 
0.38 cm/sec. As an external carbon shield a layer of graphoil material was used. 
Example 5: Carbofluorination Piercing of Concrete Slabs 

This example illustrates that using fluorine containing materials improves the 
efficiency, cutting speed, consumption of oxygen and consumption of the cutting lance 
15 essentially. 

Experimental data for the cutting experiment are reported in Table 1 , and in Figs 
8-10. Fig.8 is a plot of equilibrium concentration (ordinate) vs. temperature (abscissa) 
for [concrete(3.46CaO +11.1 Si0 2 ) + 50O 2 + 14.56Fe], for the reactions of Example 5. 
This plot shows that Ca + CaO + Fe + FeO + SiO + Si0 2 are gaseous. Fig. 9 is a plot 

20 of equilibrium concentration (ordinate) vs. temperature (abscissa) for [concrete(3 .46CaO 
+ H.lSi0 2 ) + 20.01C 2 F 4 + 46.30 2 + 14.56Fe], for the reactions shown in Example 5. 
This plot shows that CaF + CaF 2 + Fe + FeO + SiF 2 + SiF 3 + SiF 4 + SiO are gaseous. 
Fig. 10 is a plot of equilibrium concentration (ordinate) vs. temperature (abscissa) for 
[concrete(3.46CaO + 1 1 .ISiO,) + 20.01C 2 C1 4 + 47.30 2 + 14.56Fe], for the reactions of 

25 Example 5. This plot shows that CaCl 2 + FeCl 2 + FeCl 3 + Fe 2 Cl 6 + SiO + Si0 2 are 
gaseous. 

Example 6: Carbofluorination Piercing of Concrete Slabs 

This example provides additional experimental observations on superiority of 
using fluorinated materials against concrete materials. 
30 Experimental data for the cutting experiment are reported in the Table 2. 

Concrete block (thickness = 15.0 cm). Note: Hole piercing was completed when pene- 
tration was achieved. Number of lances burned is indicated in second column. 
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Example 7: Carbofluorination Piercing of Concrete Slabs 

This example compares modified lances against concrete walls of different 
thickness. 



5 



15 



20 



25 



1st Concrete Block (thickness = 6.0 cm) 


Type of Lance 


Time(s) 


Length Burned 
(inches) 


BROCO 


51.81 


24.0 




64.18 


28.0 


BROCO with Fe tubing 


32.81 


14.0 




35.44 


15.0 


FEP 


45.46 


19.5 


FEP with Fe tubing 


25.13 


8.5 


PTFE 


30.63 


14.0 


PTFE with Fe tubing 


26.79 


10.0 


TFE extruded 


No penetration 




PFA 


15.10 


9.0 


KYNAR 


48.71 


18.5 


2nd Concrete Block (thickness = 1.5 cm) 


KYNAR 


No penetration 


25.0 


PFA 


37.87 


15.0 


PTFE 


50.35 


20.0 


PTFE with Fe tubing 


31.02 


12.5 


FEP 


37.84 


16.0 


FEP with Fe tubing 


30.01 


11.0 


BROCO 


No penetration 


27.5 


BROCO with Fe tubing 


43.45 


19.5 


3rd Concrete Block (thickness = 9.8 cm) 


BROCO 


No penetration 


28.5 




No penetration 


28.5 


BROCO with Fe tubing 


No penetration 


27.0 
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1 st Concrete Block (thickness = 6.0 cm) 


Type of Lance 


Time(s) 


. Length Burned 
(inches) 


PTFE 


No penetration 


26 0 




No penetration 


29 5 


FEP with Fe tubing 


46.85 




PEP 


67.70 


26.0 




60.99 


25.0 


FEP with Fe tubing 


38.36 


15.0 


PFA 


43.66 


18.0 




42.57 


16.5 



When BROCO is modified with FEP tubing, the pierce rate was increased by 
more than 90% (i.e., from 0.073 to 0.139 cm/sec). When BROCO was modified with 
FEP tubing, the lance burning rate decreased by more than 10% (i.e., froml .373 tol .207 
cm/sec). When BROCO was modified with FEP tubing, the oxygen consumption 
10 needed for piercing a 15 cm deep hole decreased by more than 45% (i.e., from 275.28 
to 144.67 liters). 

Example 8: Carbofluorination Piercing of Granite Slabs 

Piercing of 0.75 inch thick granite slab by the FEP lance took only 7 sec. of 
cutting time. Obviously, since granite components are basically silica and alumina both 
1 5 were converted to gaseous products in the course of penetration. 

Granite objects are ideal targets for a very fast piercing by a modified lance 
Example 9: Graphoil Wrap/Aluminum Wires 

Improved cutting/piercing of cutting of iron slabs by using graphoil wrap as 
focusing element and using aluminum wires to increase the penetration efficiency 
20 Graphoil layer on the surface of the lance is capable of sharp focusing of the exit 

hot flame and substantially contributes toward a better performance of the lance. In 
addition a combination of aluminum and iron wires along with graphoil wrap provides 
additional improvement of the cutting efficiency. 

The following lances were used in this experiment: (1) BROCO lance (3/8", 
25 linear density = 3 .933 g/cm); (2) BROCO lance (3/8") covered by graphoil (thickness 
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= 0.015", width = 1.5", linear density = 0.156 g/cm); (3) aluminum lance (3/8") made 
from AI tubing (OD = 3/8"; wall thickness = 0.035", 6061, linear density = 0.648 g/cm) 
and 7 BROCO Fe wires covered by graphoil (thickness - 0.0 1 0") fixed with epoxy glue. 

Experimental data for the cutting experiment are reported in Table 3. 
5 Example 10: Carbochlorination Piercing of Concrete Slabs 

Experimental conditions: oxygen outlet pressure = 80 psi; flow = 80 liters per 
minute, experiments with concrete block (thickness = 1 5 cm). 

The experiment used three types of lances: (1) BROCO lance (3/8") covered by 
a fluorinated ethylene propylene (FEP) resin - ID = 3/8", wall thickness = 1/16", linear 
10 density =1.2249 g/cm) and 10" long Fe tubing (OD = 0.625", linear density = 3.37 
g/cm); (2) BROCO lance (3/8") covered by a chlorinated Teflon® resin - ID = 3/8", 
wall thickness = 1/16", linear density =1.2234 g/cm, Laird Plastics, Inc.) and 10" long 
Fe tubing (OD = 0.625", linear density = 3.37 g/cm); and (3) BROCO lance (3/8") 
covered by foil of chlorinated Teflon® resin - linear density =1 .3205 and 1 .2885 g/cm, 
15 Honeywell. 

Experimental data for the cutting experiment are reported in Table 4. 

Therefore, while presently-preferred forms of the inventive high-speed chemical 
drill have been shown and described, and several modifications thereof discussed, 
persons skilled in this art will readily appreciate that various additional changes and 
20 modifications may be made without departing from the spirit of the invention, as defined 
ad differentiated by the following claims. 



